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(54) Method of polymerizing photo-polymerizable composition for dental use and dental light- 
curing apparatus for use therewith 



(57) A method of polymerizing a photo-polymeriza- 
ble dental composition with the use of a light-curing 
apparatus including a light source (1) for emitting a laser 
beam and an optical fiber (2) optically coupled with the 
light source (1) and having a light emitting element (5) 
opposite to the light source (1). The photo-polymeriza- 
ble dental composition (M) is filled in a dental cavity (H), 
and the light emitting element (5) of the optical fiber (2) 
is subsequently introduced in the filled photo-polymeriz- 
able dental composition (M) to a position adjacent a bot- 
tom of the dental cavity (H). Thereafter, the filled photo- 
polymerizable dental composition (M) is irradiated with 
the laser beam of 350 to 500 nm in wavelength at 1 0 to 
100 mW, to cause the filled photo-polymerizable dental 
composite (M) to initiate polymerization progressively 
from a portion thereof adjacent the bottom of the dental 
cavity (H) towards a surface portion thereof. 
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Description 

The present invention relates to a method of polymerizing a photo-polymerizable composition for dental use. which 
may be used In filling treatment of dental caries, and also to a beam illuminator for use in filling treatment of the dental 
5 caries with the photo-polymerizable composition. 

In recent years, the polymerizable dental compositions (composite resins) comprising a polymerizable monomer, a 
polymerization initiator and an inorganic f iller have been improved in physical strength, resistance to wear, color render- 
ing and reproducibility of a tooth morphology and has therefore been used widely not only in dental filling treatment of 
dental caries and as a material for dental crowns, but also in many other applications. Among others the photo-polym- 
10 erizaWe composite resin which initiates polymerization with visible light irradiation has expanded its market because of 
its ease to use and handle and is now one of the most popular products. 

However, the polymerizable composite resin has been found having its own problem, that is, polymerization shrink- 
age. Specifically, when the photoiX)lymerizable composite resin undergoes polymerization, a considerably large 
shrinkage stress develops, resulting in formation of a gap between the eventually polymerized composite resin and the 
15 cavity wall. The shrinkage stress is related to a pain that a patient may feel during the dental treatment, and the gap 
between the polymerized composite resin and the cavity wall often constitutes a cause for loss of the dental filling and 
generation of secondary caries. Accordingly, attempts have been made to avoid formation of the gap, but have not yet 
been successful. 

With regard to the light-curing apparatus, the currently utilized popular light-curing apparatus comprises a light 
20 source installing a halogen-tungsten lamp, a control means including a switch for controlling the light source and a timer 
for setting the duration of irradiation, a cooling means with a cooling fan, and a light guide means including optical fibers 
bundled to a diameter of 6 to 1 6 mm, and is so designed as to irradiate downwardly the photo-polymerizable composite 
resin filled in the dental cavity with, a broad light of a high intensity. Polymerization of the photo-polymerizable compos- 
ite resin with the above-mentioned light-curing apparatus has been found making it cfifficult to eliminate the problem of 
25 the gap and cracking resulting from the polymerization shrinkage of the photo-polymerizable composite resin. 

By way of example, when the photo-polymerizable composite resin filled in a cylindrical dental cavity is irradiated 
from above by the visfcle rays of light emitted from the light-curing apparatus, an upper portion of the photo-polymeriz- 
able composite resin will be cured upon polymerization to close the cavity surface in a first few seconds. As the irradi- 
ation continues, polymerization of the photo-polymerizable composite resin proceeds deep into the dental cavity. The 
30 formation of the gap and cracking is, however, found unavoidable because of the polymerization shrinkage. The higher 
intensity of the light to irradiate, the quicker the photo-polymerization. Accordingly, the quicker the photo-polymerization, 
the faster the shrinkage of the photo-polymerizable composite resin and, hence, the easier the formation of the gap and 
cracking. 

Also, with the method in which the photo-polymerizable composite resin f Died in the dental cavity is irradiated from 
35 above the dental cavity, it is impossible for a dentist to ascertain whether or not the photo-polymerizable composite resin 
in the dental cavity would have been completely polymerized to cure, and it has often occurred that the bottom portion 
of the photo-polymerizable composite resin in the dental cavity remains unpolymerized. Once this occurs, there is a risk 
that a monomer component of the unpolymerized composite resin win penetrate in a high concentration into the dental 
pulp. 

40 In view of the foregoing problems, the Japanese Laid-open Patent Publication No. 64-15037, published in 1989. 
discloses a shrinkage-compensated differential photo-polymerizing method. According to this publication, two kinds of 
photo-polymerizable composite resins sensitive to different wavelengths of light were prepared. The first photo-polym- 
erizable composite resin is applied to the wail of the dental cavity, followed by filling of the second photo-polymerizable 
composite resin. Thereafter, the second photo-polymerizable composite resin is first polymerized by irradiation, tol- 

45 lowed by photo-polymerization of the first photo-polymerizable composite resin. The method disclosed in the publica- 
tion is described effective to minimize any possible adverse effect brought about on the teeth by the shrinkage occurring 
upon polymerization within the cavity. 

It appears that the method disclosed in the publication referred to above has the following two features: In the first 
place, if the second photo-polymerizable composite resin, which is the major filling material, is first polymerized prior to 

so curing of the first photo-polymerizable composite resin which corresponds to a material for protecting the cavity wall and 
which is used in a relatively small quantity, the polymerization shrinkage occurring in the second photo-polymerizable 
composite resin can be compensated for by flow or deformation of the first photo-polymerizable composite resin so that 
shrinkage of the second photo-polymerized composite resin can complete without adversely affecting the teeth. 

In the second place, even though the first photo-polymerizable composite resin used in the relatively smalt quantity, 

55 is polymerized subsequently, an averse influence on the teeth which would be brought about by shrinkage of the first 
photo-polymerizable composite resin would be minimal so long as it is used in a small quantity. 

However, not only has the publication referred to above failed to specify particular materials and compositions used 
for this purpose, but also the processes disclosed therein are indeed complicated, and therefore, the technical effective- 
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ness of the method disclosed therein is questioned. Specifically, considering that the polymerizabie dental composite 
resin is in the form of a slurry or a paste, and even though the cavity wall is protected by the first photc-polymerizable 
composite resin, an attempt to fill up such a small hole as the caries cavity with the second photo-polymerizable com- 
posite resin is quite difficult to accomplish without allowing the first photc-polymerizable composite resin to flow or 

5 deform, and the portal edge of the cavity would be more or less covered by the second photc-polymerizable composite 
resin. In other words, when the second photo-polymerizaWe composite resin is cured first by polymerization, such com- 
posite resin will form a cover over the opening of the dental cavity, making it difficult to avoid developing polymerization 
shrinkage stresses inside the dental cavity. 

In addition, the first and second photo-polyrnerizaWe composite resins are described as initiating polymerization 

10 upon irradiation with the respective light of different wavelengths. However, the photo-polymerization initiator is gener- 
ally not sensitive selectively to a certain single wavelength, but sensitive to a relatively broad band of wavelengths. Fur- 
ther in the light-curing apparatus utilizing a halogen lamp, the light emitted therefrom has a broad band of wavelengths. 
Accordingly, it is difficult to assuredly prevent the first photo-polymerizable composite resin from initiating its polymeri- 
zation when the second photc-polymerizable composite resin is photo-polymerized and. therefore, it is not avoidable 

is that the second photc-polymerizable composite resin eventually forms a cover over the dental cavity opening. 

By the reasons as discussed above, the suggestion disclosed in the publication referred to above appears having 
numerous problems left unsolved. 

On the other hand, the inventors of the present invention have conducted a series of experiments in which with the 
use of a light dispersive rod (LUC1WEDGE, available from Howe Neos Dental Inc.) a laser beam is introduced into the 

20 light dispersive rod through its light source end while a free end of the light dispersive rod opposite to the light source 
end is inserted into a lump of the composite resin. As a result, the inventors have found that while a substantial amount 
of the laser beam so introduced had been irracfiated outwardly from the whole peripheral surface of the rod, the intensity 
of the laser beam irradiated was found higher at a location close to the light source end than at any other location 
remote from the light source end. As regards the extent to which the composite resin is polymerized by the laser beam, 

25 the inventors have also confirmed that a head portion of the composite resin was sufficiently cured, but a portion of the 
composite resin adjacent the free end of the rod was little cured. 

Even in the experiments conducted by the inventors in which in place of the tight dispersive rod a rod or tube made 
of transparent plastics was inserted in a lump of the composite resin, a result similar to that described above, that is, in 
which a portion of the composite resin adjacent the light source end of the rod was much polymerized, but a portion of 

30 the composite resin adjacent the free end of the rod was little cured, is obtained. This appears to have resulted from the 
fact that in the previously described light guide means, a substantial amount of the laser beam was scattered from a 
portion of the rod adjacent the light source end and the amount of the laser beam scattered from the free end of the rod 
was small. 

Accordingly, with the conventional technique of introducing the laser beam into the composite resin, there is a ten- 
35 dency that only a portion of the composite resin adjacent the opening of the cavity and, hence, adjacent the light source 
is first cured and the remaining portion of the composite resin adjacent the bottom of the cavity does not cure suffi- 
ciently, and accordingly, the problem associated with development of the shrinkage stresses in the cavity wall during the 
polymerization has not yet been solved 

The present invention is therefore intended to provide a method wherein polymerization of the composite resin filled 
40 in the cavity in a tooth or a dental mold is initiated from a bottom portion of the filled composite resin to thereby substan- 
tially eliminate the problem associated with development of the polymerization shrinkage stresses of the composite 
resin in the cavity, and a light-curing apparatus for execution of such method. 

Another important object of the present invention is to provide a method and a light-curing apparatus wherein a dis- 
tal end of the dental light-curing apparatus is so disposable as to prevent a dentist from being infected by body fluids 
45 such as blood and saliva of the patient and also to prevent a patient from being infected by body fluids in re-use of the 
apparatus. 

As an extensive study done by the inventors of the present invention to substantially eliminate the various problems 
hitherto encountered, it has been found that when a laser beam enters a photo-polymerizable dental composition (com- 
posite resin), the light tends to be considerably scattered by a filler included in the photo-polymerizable composite resin 

so and spreads in a spherical form within the photo-polymerizable composite resin, that is, propagates not only in a direc- 
tion of incidence, but also in a direction counter to the direction of incidence. It has also been found that the dentin has 
a characteristic of scattering the incident light as much as the photo-polymerizable composite resin and a substantial 
amount of the light incident on the bottom of the cavity is reflected towards the photo-polymerizable composite resin. 
The present invention is based on these f indings. 

55 The present invention provides a method of polymerizing a photo-polymerizable dental composition with a light- 
curing apparatus including a light source for emitting a laser beam and an elongated light guide means optically coupled 
with the light source and having a light emitting element opposite to the light source. At least the light emitting element 
is prepared from an optical f fcer. According to this method, die photo-polymerizable dental composition is filled in a den- 
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tal mold or a cavity, and the light emitting element of the optical fber is subsequently introduced in the photo-polymer- 
izable dental composition to a position adjacent a bottom of the cavity. Thereafter, the photo-polymerizable dental 
composition is irradiated with the laser beam of 350 to 500 nm in wavelength at 10 to 100 mW emitting from an end 
portion of the light emitting element to cause the photo-polymerizaUe dental composite to initiate polymerization pro- 

5 gressively from the bottom portion of the cavity towards a surface portion thereof. 

The light emitting element prepared from the optical fiber may be cut at a position adjacent a surface of the cured 
photo-polyrnerizabJe dental composition to leave the distal end of the optical fber in the cured photo-polymerizable den- 
tal composition within the cavity. Alternatively, where the optical fber having a surface having no affinity to the photo- 
polymerizable dental composition is used, the optical fiber may be removed from the cured photo-polymerizable dental 

w composition after the latter has been polymerized to cure, and a hollow, left in the cured photo-polymerizable dental 
composition by removal of the optical fiber may subsequently be filled up with the photo-polymerizaU e dental compo- 
sition which is then irradiated from above to cure. 

The present invention also provides a dental light-curing apparatus which comprises a light source for generating 
a laser beam of 350 to 500 nm in wavelength at 10 to 100 mW (milliwatt), and an elongated light guide means having 

is a proximal end optically coupled with the light source and also having a light emitting element at a distal end thereof. At 
least said light emitting element is an optical fiber and adapted to be introduced into a photo-polymerizable dental com- 
position filled in a cavity in a dental mold or a tooth to irradiate the photo-polymerizable dental composition at a location 
adjacent a bottom of the cavity. 

The light emitting element may be an integral part of the light guide means, that is, the distal end of the light guide 

20 means or may be a member separate therefrom. In case the light emitting element is a member separate from the light 
guide means, the dental light-curing apparatus may further comprise a detachable optical coupling mechanism inter- 
posed between the light emitting element and the distal end of the light guide means to permit the light emitting element 
to be selectively coupled to and decoupled from the light guide means. 

In case the light emitting element is the distal end of the optical fiber forming the fight guide means, the light-curing 

25 apparatus may further comprise a cutting mechanism provided in the vicinity of the distal end for cutting to separate the 
distal end from a remaining portion of the optical fber. 

Said light emitting element has a surface which may have an affinity or no affinity to the photo-polymerizable dental 
composition. 

The light-curing apparatus may further comprise a contamination-preventive covering to prevent the light guide 

30 means from being contaminated by body fluids. 

In the practice of the method of the present invention, a dentist after having formed a cavity in a tooth left by removal 
of a caries-infected region of the tooth has to apply a bonding agent, available as an accessory to the photo-polymer- 
izable dental composite resin, followed by filling in the cavity of the photo-polymerizable dental composite resin, a vol- 
ume of which is slightly smaller than that of the cavity. Thereafter, the light guide means of the light-curing apparatus of 

35 the present invention is introduced into the patient's mouth with the light emitting element at the distal end of the light 
guide means introduced deep into the filled composite resin within the cavity. At this time, the optical fber forming the 
light emitting element is inserted to a position which may contact the bottom of the cavity or may be adjacent the bottom 
of the cavity. The filled composite resin is then irradiated by the light emerging from an end portion of the optical fiber 
for a predetermined length of time required to accomplish polymerization of the composite resin. 

40 After the polymerization, the optical fber is removed from the cavity or is allowed to remain within the cavity by cut- 
ting the optical fiber to separate the distal end of the optical fber. The light guide means is then removed out of the 
patient's mouth. 

The light-curing apparatus according to the present invention comprises the light source, a control means for the 
light source, the light guide means and the light emitting element which may be either an integral part of or a member 
45 separate from the light guide means. 

Where the optical fber is left as inserted into the cavity, the optical fber is cut at a location adjacent a surface of 
the composite resin filled within the cavity and is severed. Thereafter, an additional amount of the photo-polymerizable 
composite resin required to restore the affected tooth to a shape similar to the original shape is deposited over the 
cured composite resin to form a resin overlay which is subsequently irracfiated from above with the light to cause the 
so additional photo-polymerizable composite resin to polymerize. After a complete curing, the cured composite resin is 
finely adjusted and ground to complete the dental restoration. 

It is to be noted that preparation of a dental prosthesis with the use of the dental mold can be accomplished in a 
manner similar to that described above. In such case, the photo-polymerizable composition is f Bled in the cavity of the 
mold, which is subsequently polymerized to cure with the light-curing apparatus of the present invention. 
55 The method of the present invention when practiced with the dental light-curing apparatus of the present invention 
brings about the following advantages. 

1 . Since the photo-polymerizable composite resin filled in the cavity in the tooth or the dental mold polymerizes pro- 
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gressively from the bottom of the cavity towards the surface of the cavity, there is no possibility that a portion of the 
photo-potymerizable composite resin will not-be left uncured at the bottom of the cavity, and the photo-pdymeriza- 
ble composite resin in its entirety can be completely cured. 

2. The risk of the bonding layer being destroyed at the bonding interface between the photo-polymerizable compos- 
s rte resin and the tooth, which would occur with the polymerization shrinkage stresses can be advantageously min- 
imized to accomplish a firm bonding between the composite resin and the tooth with minimal loss of the cured 
composite resin from the cavity. 

3. No formation of a gap occurs between the photo-potymerizable composite resin and the tooth and, therefore, no 
site of proliferation of caries-causative bacteria is formed to thereby avoid the possibility of recurrence of the dental 

10 caries. 

4. Even if the affected site is located deep in the tooth, there is no possibility that a portion of the photo-polymer iz- 
abJe composite resin adjacent the bottom of the cavity will be left unpolymerized, and therefore, the risk of some 
components of the photo-polymerizable composite resin penetrating into the dental pulp can be almost completely 
reduced. 

is 5. Since irradiation takes place from the optical f toer introduced into the cavity, there is no possibility that the tight 
is radiated outwardly from the mouth and there is no hazardous condition in which the dentist's eyes may be 
affected by irradiation of a high intensity of light. 

6. Since the light emitting element is olsposaWe and the handpiece is sterilizable for reuse for each patient, cross- 
infection of the dental diseases between patients can be avoided. A disposable covering for the light emitting ele- 
20 ment is more preferable to the same purpose. 

The optical fiber employed in the practice of the present invention may be prepared from either acrylic plastics or 
quartz. However, the acrylic resin is preferred as a material for the optical fber since it can be available at a low cost 
and it can exhibit a favorable affinity with the photo-polymerizable composite resin because the latter is prepared from 
25 an acrylic compound. 

Where a portion of the optical fiber is allowed to be left in the cured composite resin, the optical fiber is preferably 
one having an affinity surface to the photo-polymerizable composite resin used to enhance a bonding between the 
eventually cured composite resin and the optical fiber. Unless a satisfactory bonding is achieved between the optical 
fiber and the cured composite resin, microgaps would be formed at the bonding interface and a secondary caries infec- 
30 tion would be likely to occur. 

Where the optical fber is prepared from the acrylic plastics, the surface having an affinity may be the optical fiber 
per se. However, where quartz is used as a material for the optical fiber, the surface of the optical fber can have an affin- 
ity to the photo-polymerizable composite resin with a silane coupling agent to form a coating. 

Where the optical fiber is removed from the cured composite resin, the optical fiber is preferably one having a sur- 
35 face having no affinity to the photo-polymerizable composite resin to facilitate a smooth removal of the optical fiber from 
the cured composite resin. The surface having no affinity can be formed by coating the surface of the optical fiber with 
any of polyolef ines of non-polarity, synthetic rubbers or fluorine-containing polymers. 

In the event that a hollow is formed as a result of removal of the optical fber, the hollow need be sufficiently filled 
up with the photo-polymerizable composite resin. 
40 The light source used in the light-curing apparatus of the present invention may be a laser of a type capable of emit- 
ting a laser beam of 350 to 500 nm in wavelength. Preferably, the laser referred to above may be a solid state laser com- 
prising a semiconductor using Nd:YAGKNd:Y 3 AI 5 0 12 ) as a laser medium and capable of being oscillated to emit a beam 
of 946 nm in wavelength, and a resonator using KN(KNb0 3 ) which is a non-linear optical crystal to oscillate a secondary 
harmonic wave (473 nm). The solid state laser of the structure described above is referred to as a secondary harmonic 
45 light source of a resonator built-in type. 

Alternatively, the light source may be a semiconductor laser capable of emitting a laser beam of 350 to 500 nm in 
wavelength or a lamp such as a halogen-tungsten lamp or a metal halide lamp. Where the lamp is employed, care must 
be taken to avoid application of heat to the affected site and, for this purpose, an infrared cut-off filter may be employed 
to the lamp. 

so Also, in place of the laser, an array of light emitting diodes may be employed, in which case light emitted from the 
LED array must be converged. 

Selection of the light of the wavelength within the range of 350 to 500 nm is based on the following reasons: If the 
wavelength of the light is shorter than 350 nm, the patient would be adversely affected by ultraviolet rays, but if the 
wavelength of the light is longer than 500 nm, photo-polymerization would not be initiated. Also, as regards the intensity 

55 of the light, 1 0 to 1 00 mW is needed where the laser is employed for die light source, but 1 0 to 200 mW is needed where 
the lamp is used for the light source. Since the laser beam is a coherent beam and can exhibit an excellent character- 
istic in curing the photo-polymerizable composite resin, the intensity of the laser beam may be lower than that of the 
light from the lamp tor accomplishing a photo-polymerization of the composite resin. In either case, if the intensity is 
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lower than the lowermost limit no photo-polymerization of the composite resin will be initiated, but if it is higher than the 
uppermost limit, the patient will adversely be affected by heat evolved by the light 

The control means used in die light-curing apparatus of the present invention may comprise a timer and/or a switch 
for controlling ON and OFF of the light source, selectively closing or opening an optical circuit from the light source to 
5 the fight guide fiber, and setting a time during which irradiation is effected. 

The light guide means employed in the fight-curing apparatus of the present invention may be, for example, in the 
form of an optical fiber for conducting light from die light source to die optical fiber through a light collecting optical sys- 
tem so that the light can efficiently reach the light emitting element to be inserted into die cavity. The optical fiber forming 
die light guide means may be either a mono-filament or a multi-filament and may comprise a plurality of fiber segments 
10 optically coupled together. 

In die practice of the present invention, it is important that the light emitting element to be inserted into the photo- 
polymerizabie composite resin is formed by an optical fiber. When attempts have been made to insert a light dispersing 
rod, such as disclosed in the previously discussed Japanese publication No. 64-1 5037. or a transparent light guide rod 
having no light dispersing property, into the cavity filled with the photo-polymerizable composite resin, the light dispers- 
es ing rod has scattered the incident light in all directions, failing to initiate the polymerization only from the bottom of the 
cavity and, on the other hand, the transparent rod has also failed to give a satisfactory result since a substantial amount 
of the incident light has leaked at the cavity opening. 

In contrast thereto, the optical fiber does not emit the incident light from lateral surface thereof, but emits outwardly 
only from the end portion thereof opposite to the light source and, therefore, irradiation with the light can be satisfactorily 
20 effected progressively from the bottom of the cavity in the tooth or the dental moid. Also, since the optical f toer has an 
extremely small diameter, insertion, indwelling and removal of the optical fiber relative to the photo-polymerizable com- 
posite resin can easily be accomplished as compared with the use of the light dispersing rod. 

The light emitting element in the form of an optical fiber which is inserted into the cavity is separable from the light 
guide means or easy to cut off so that a post-treatment to curing of the photo-polymerizable composite resin within the 
25 cavity can easily be performed. This light emitting element may be disposed of without being re-used. 

One embodiment of the light-curing apparatus of the present invention comprises the light source and the light 
guide means in the form of a single continuous optical fiber, to which a f toer cutting mechanism is preferably added. This 
fiber cutting mechanism is to be positioned adjacent the distal end of the light guide means for cutting the distal end of 
the optical fiber from the remaining portion thereof so that the distal end of the optical fiber having been contaminated 
30 by the patient's blood and/or saliva as a result of the insertion into the dental cavity. Dental treatment with the use of a 
fresh optical fiber for each patient is most preferable. 

Cutting of the optical fiber for the purpose discussed above may be carried out by the use of scissors or a Knife. 
However, in terms of handling convenience, the cutting mechanism is preferably incorporated in a handpiece mounted 
on the optical fiber for the access by the dentist. By way of example, the handpiece may have a button which, by 
35 depressing, advances a blade to cut the optical fiber, or transmits a pushing force to a suitable rod to cut the optical fiber 
at a desired location by a blade provided at the tip portion of the rod. 

A releasaWe coupling mechanism may be interposed between the light guide means and the light emitting element. 
However, the releasaWe coupling mechanism may likely result in attenuation of the incident light travelling from the light 
guide means towards the light emitting element. Accordingly, the single continuous optical fiber is rather effective for 
40 maximized utilization of light. 

The releasaWe coupling mechanism may have an adjuster and/or an adaptor effective to align the axis of optical 
f toers with each other. 

The optical f toer used in the practice of the present invention must have such a diameter that when the optical fiber 
is inserted into the photo-polymerizable composite resin filled in the cavity, the composite resin will not be purged. 

45 Accordingly, the optical f toer is preferably of a diameter not greater than 1 .5 mm, more preferably not greater than 1 mm, 
and most preferably not greater than 0.8 mm. The optical fiber used in the practice of the present invention may be 
either a mono-filament or a multi-filament, provided that it satisfies the diameter requirement discussed above. How- 
ever, the use of the mono-filament for the optical fiber is preferred because of its low loss of Eight 

The length of the distal end of the optical fiber cannot be fixed because it is related to the design of the light guide 

so means. However, where the light guide means has a handpiece by which the light guide means can be brought to a 
position close to the affected site, it is preferred that the optical f toer protrudes 5 mm or more out of a distal end of the 
handpiece. Where the distal end of the continuous optical fiber is inserted into the cavity at the affected site by holding 
the handpiece or by nipping the f toer by forceps or any other suitable nipping instrument, the optical f toer may have a 
total length of several meters. Where the optical fiber is of a substantial length, the use of a reel is preferred to wind up 

55 an excessive length of the optical fiber. 

The shape of the optical f toer is related to the previously discussed length of the optical fiber. If the optical fiber pro- 
trudes about 5 mm distally from the distal end of the handpiece, the protruding portion may be straight But where it has 
a substantial length exceeding about 5 mm and is handled by nipping it with the forceps, it may have a curvature of a 
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diameter within the range of 10 to 50 mm. 

The light-curing apparatus of the present invention is preferably of a design effective to avoid contamination by 
patient's blood and/or saliva. Since a distal portion of the light guide means is susceptible to such contamination, it 
should be covered and, for this purpose, the handpiece may concurrently serve as a covering. Alternatively, a protective 

5 tubing may be provided on one side of the handpiece adjacent the light source for an additional covering, through which 
the light guide means is protected from being contaminated. 

Again alternatively, an auxiliary covering may be. singly or in combination with the above described covering, 
employed for covering the dentist's hand and the remaining portion of the light guide means except for the distal end 
thereof. With this covering, the light guide means and the dentist can be protected from being contaminated by patient's 

10 body fluids. This covering may be in the form of a bag made of a resinous sheet, within which the light guide means is 
passed while the dentist inserts his hand into the covering to grip the light guide means. The additional or auxiliary cov- 
ering may be disposable after use for each patent. 

The photo-polymerizable composite resin which can advantageously be employed in the practice of the present 
invention comprises a polymerizable monomer, a polymerization initiator, a filler material and suitable additives. The 

is polymerizable monomer which can be employed in the photo-polymerizable composite resin includes monofunctional 
and/or polyfunctional (meth)acryiic acid esters including (meth)acryiic acid alkyl ester (the number of carbon atoms of 
the alkyl group being 1 to 10), polyalkyleneglycol di(meth)acrylate (the number of carbon atoms being 2 to 20), ethyt- 
eneglycd oligomercfi(meth)acrylate (2 to 10 quanta), bisphenol A di(meth)acrylate, 2.2-bis[p-(rmethacrylQxy-p-hydrox- 
ypropoxy)phenyt]propane, 2.2-di(4-methacrylQxypolyethoxypheriy0propane (2 to 10 ethoxy groups in one molecule), 

20 trimethylolpropanetri(meth)acrylate, and pentaerythritol tetra(meth)acrytate; urethane(meth)acrylic acid esters which 
are a reaction product between 2 moles of (meth) aery late having hydroxy! groups and 1 mole of cfiisocyanate, specifi- 
cally, monomers such as disclosed in the Japanese Patent Publication No. 55-33687 or the Japanese Laid-open Patent 
Publication No. 56-152408. These monomers may be employed singly or in the form of a mixture of two or more of 
those monomers. The monomer is preferably employed in a quantity of 10 to 50 wt% in the composition. 

25 The polymerization initiator or a catalyst which may be employed in the photo-polymerizable composite resin may 
be any known polymerization initiator such as. for example, a-diketone and tertiary amine such as disclosed in the Jap- 
anese Laid-open Patent Publications No. 48-49875 and No. 60-26002, or a-diketone and peroxide such as disclosed in 
the Japanese Laid-open Patent Publications No. 57-203077 and No. 60-149603. The catalyst is employed in a quantity 
within the range of 0.1 to 5 wt% based on the weight of the polymerizable monomers 

30 The f Bier material which may be employed in the photo-polymerizable composite resin includes various inorganic, 
organic or inorganic and organic composite filler materials. Specific examples thereof include a silicone dioxide (quartz, 
quartz glass or silica gel) or alumina. Further, for the inorganic filler material, various glasses containing silicon as a 
principal component with various heavy metals, boron and/or aluminum, various ceramics, clay minerals such as dia- 
tomeceous earth, karione or monmolinite, active white earth, synthetic zeolite, mica, f luorinated calcium, calcium phos- 

35 phate. barium sulfate, zirconium dioxide, titanium dioxide may also be employed. 

For a surface treatment of the filler, any known silane coupling agent may be employed which may include organic 
silicone compounds such as, for example, o-methacryloxyalkyrtrimethoxysilane (the number of carbon atoms between 
the methacryloxy group and the silicone atom being 3 to 12), vinyHrimethoxysilane, vinyltriethoxysilane, vinyltriacetox- 
ysilane. 

40 The photo-polymerizable composite resin which is employed in the practice of the present invention may, if desired, 
contain various known additives including, for example, a stabilizing agent and/or one or more pigments. 

The present invention will become more clearly understood from the following description of preferred embodi- 
ments thereof, when taken in conjunction with the accompanying drawings. However, the embodiments and the draw- 
ings are given only for the purpose of illustration and explanation, and are not to be taken as limiting the scope of the 

45 present invention. In the accompanying drawings, like reference numerals are used to denote like parts throughout the 
several views, and: 

Fig. 1 A is a schematic diagram showing a light-curing apparatus for dental use according to a first preferred embod- 
iment of the present invention; 

so Fig. 1 B is a schematic side view, on an enlarged scale, of a distal portion of the light-curing apparatus shown in Fig. 
1 A, showing a distal end of an optical fiber forming the light-curing apparatus inserted in a cavity f illed with a photo- 
polymerizable composite resin; 

Fig. 2 is a schematic diagram showing the light-curing apparatus according to a second preferred embodiment of 
the present invention; 

55 Fig. 3 is a schematic diagram showing the fight-curing apparatus according to a third preferred embodiment of the 
present invention; 

Fig. 4 is a schematic side view of a modified form of the light-curing apparatus shown in Fig. 1 A, which is employed 
in an example used to demonstrate the present invention; and 
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Figs. 5A to 5C are schematic sectional representations showing the sequence of an exemplary dental treatment 
performed with the use of the light-curing apparatus of the present invention. 

Fig. 1 A illustrates a tight-curing apparatus according to a first preferred embodiment of the present invention. The 
5 light-curing apparatus shown therein comprises a laser light source 1. and an elongated light guide means 2 such as 
an optical fiber having an end optically coupled with the light source 1 and a distal end or a light emitting element 5 
adapted to be inserted into the bottom of the photo-polymerizable composite resin M filled in a cavity H as shown in Fig. 
1 B during the dental treatment. The light-curing apparatus also comprises a handpiece 3 adapted to be gripped by a 
dentist and mounted on a portion of the light guide means 2 adjacent the distal end 5 thereof. The handpiece 3 in the 
w illustrated embodiment also serves as a covering for that portion of the light guide means 2. A hand covering or an aux- 
iliary covering 10 made of polyethylene is provided to enclose the handpiece 3 except for the distal end 5 of the light 
guide means 2 for protecting both of the handpiece 3 and the hand of the dentist from being contaminated in the mouth 
of a patient being treated. 

When in use, the dentist has to insert his hand into the hand covering 10 and then grips the handpiece 3. As shown 

is in Fig. 1 B, the distal end 5 of the light guide means 2 is, after the handpiece 3 has been aimed at a caries-affected tooth 
within the mouth of a patient, inserted deep into the cavity H to a position adjacent the bottom of the cavity H so that 
the photo-polymerizable composite resin M filling up the cavity H can be polymerized progressively from a portion H1 
of the filled composite resin adjacent the bottom of the cavity H towards a surface portion H2 of the filled composite 
resin M adjacent the surface of the tooth when light from the light source is introduced through the light guide means 2. 

20 Fig. 2 illustrates the light-curing apparatus according to a second preferred embodiment of the present invention. 
In this embodiment, contrary to the first embodiment, the light emitting element 5A is a separate part from the light guide 
means 2, and the light guide means 2 employed in this embodiment of Fig. 2 has its distal end terminating generally in 
flush with a distal end face of the handpiece 3. A light collecting means 6, which may be a condenser lens element, is 
fitted to the distal end face of the handpiece 3 by means of a mount frame 8 carrying the light collecting means 6. 

25 The light-curing apparatus according to the second preferred embodiment also comprises a generally cap-like 
adaptor or a rotating connector 9 adapted to be detachabiy capped externally onto the mount frame 8 by means of, for 
example, screwing or bayonet coupling. The adaptor 9 forms a detachable optical coupling mechanism and includes a 
light emitting element 5A such as an optical f iber which is coupled optically with the distal end of the light guide means 
2 through the light collecting means 6. In this case, the light guide means 2 may be a rod or a tube made of transparent 

30 plastics. 

The light-curing apparatus accorcfing to a third preferred embodiment of the present invention is shown in Fig. 3. 
This light-curing apparatus comprises a laser light source 1 , an elongated light guide means 2 in the form of a single 
continuous optical fiber, a handpiece 3 mounted on a portion of the light guide means 2 adjacent a distal end 2a of the 
light guide means 2, an optical fiber cutting button 12 mounted on a distal end portion of the handpiece 3 and serving 
35 as a f foer cutter, a guide sheath 1 3 in the form of a metallic tube for guiding the distal end 2a of the light guide means 
2, an additional covering 1 4 made of plastics for preventing the light guide means 2 from being contaminated in contact 
with the mouth of a patient, and an optical fiber reel 15 mounted atop the laser light source 1 for reeling the light guide 
means 2. 

The light guide means 2 (the optical fiber in this case) drawn outwardly from the optical fiber reel 15 is passed 
40 through and retained in position within a hollow of the guide sheath 13 after having been passed through the covering 
14 and the handpiece 3, with the distal end 2a forming the light emitting element 5 exposed outwardly from the guide 
sheath 1 3. When the dentist pushes the fiber cutting button 1 2, a cutter blade (not shown) is advanced within the hand- 
piece 3 to cut the light guide means 2 to separate the distal end 2a from the light guide means 2. When a pushing force 
applied to the fiber cutting button 1 2 is released, the cutter blade is automatically retracted to an inoperative position by 
45 the action of a biasing spring (not shown). 

The distal end 2a of the light guide means 2 so cut from the remaining portion of the light guide means 2 after the 
dental treatment is contaminated and may therefore be discarded. After die distal end 2a has been discarded, the den- 
tist may pull the light guide means 2 from the reel 15 to allow a fresh distal end 2a to be exposed outwardly from the 
guide sheath 13. 

so The present invention will now be demonstrated by way of some illustrative examples which are not intended to limit 
the scope of the present invention. 

Example 1 

55 In this example, the light-curing apparatus was utilized of a structure which comprises, as shown in Fig. 4. a solid 
state laser 1 made of a semiconductor capable of oscillating light of 473 nm in wavelength as a secondary harmonic 
wave and wherein the laser beam so generated from the solid state laser 1 is guided to a short optical f ber 5B forming 
the light emitting element through the light guide means 2. In this light-curing apparatus shown in Fig. 4, the light guide 
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means 2 and the short optical fiber 5B are employed in the form of optical ftoers made of quartz and acryfic plastics, 
respectively. The short optical fber 5B is removably inserted into a distal end of the handpiece 3 for optical coupling 
with a distal end of the light guide means 2 aligning the axis of both optica] f bers. 

A commercially available photo-polymerizaWe dental composite resin. "CLEARFILL AP-X (A 2 Colors)", was filled 

5 in a transparent glass tube, as a replacement of a dental cavity, of 10 mm in diameter and 10 mm in depth and an optical 
fiber of 0.5 min in diameter (ESCA, manufactured by and available from Mitsubishi Rayon Co.. Ltd., Japan) was subse- 
quently inserted into the center of the transparent glass tube. The dental composite resin within the glass tube was irra- 
diated by light of 36 mW for a various length of time as shown in Table 1 below. Subsequently, the dental composite 
resin cured and sticking to the ESCA fber is removed out of the glass tube and an unpolymerized portion of the com- 

w posite resin adhered to the outer surface of the cured composite resin was removed by an alcohol -soaked tissue paper. 
The cured composite resin has exhibited a generally spherical form, the diameter of which was measured by a microm- 
eter. Measurement results are shown in Table 1 . 



Table 1 



Irradiating Time (sec) 


2 


3 


5 


7 


10 


20 


Diameter of Cured Resin (mm) 


4.0 


4.4 


5.4 


6.0 


6.4 


7.8 



20 As a result of the experiments, it has been exhibited that the photo-polymerizable dental composite resin was cured 
progressively from a portion thereof adjacent the incident fight and that the light emitted to the photo-polymerizable 
composite resin was so sufficiently scattered as to lose the orientation and the directionality of the light. 

Example 2 

25 

A first-class cavity of 5 mm in diameter and 4 mm in depth was formed in an occlusal part of an extracted fresh 
human molar and a slightly small quantity of the photo-polymerizable composite resin, the same as that used in Exam- 
ple 1 , was filled in the cavity together with the same Hncfing agent as in Example 1 . After the f Pling, the ESCA fiber 5B 
forming a part of the light emitting element described in Example 1 was inserted deep into the cavity H so as to reach 

30 a position adjacent the bottom thereof as shown in Fig. 5A and the filled composite resin M was irradiated for 20 sec- 
onds. Thereafter, as shown in Rg. 5B, the ESCA fber 5B was cut at a position substantially level with the top surface 
of the filled composite resin M. and as shown in Fig. 5C, an additional amount of the same photo-polymerizable com- 
posite resin M was added to the top surface of the filled composite resin M to form a resin overlay MA to render the 
extracted human molar to represent a crown shape. 

35 The resin overlay MA was subsequently irradiated from above with the laser beam emitted from the light-curing 
apparatus to thereby complete the dental restoration. Thereafter, the restored human molar was subjected to a thermal 
cycle test for 1 ,000 cycles. One cycle of the test consists of holding the sample at 4°C for one minute and then holding 
it at 60°C for one minute. As a result of the thermal cycle test no separation of the cured composite resin from the 
human molar was found. 

40 After the thermal cycle test, the restored human molar was immersed in an aqueous solution of 0.1% basic fuch- 
sine at 37°C for one day, and was then cut into halves. Observation of a cut face of each half of the restored human 
molar has shown no dye penetration and no gap found. 

Comparison 

45 

A cavity of the same size as that in Example 2 was formed in an extracted human molar and was subsequently filled 
with the same photo-polymerizable composite resin as that in Example 2 by the use of the same bonding agent as that 
in Example 2. Using a commercially available light-owing apparatus. "SPECTRUM" (available from Derttspty. Light 
Intensity: 700 mW/cm 2 ), the light was projected for 20 seconds from a position 3 mm above the filled composite resin 
so to initiate polymerization of the filled composite resia As a result of the irradiation, white concentric circle lines were 
found on the surface along the margin of the cavity. When the human molar having the composite resin filled therein 
was immersed in an aqueous solution of 0.1% basic fuchsine for one day, penetration of red dyes along the white circle 
lines was observed. 

55 Example 3 

As shown in Rg. 3. using the same laser light source 1 as that in Example 1 . the laser beam was guided directly to 
the polyurethane-d added acrylic optical fber 2 (ESCA. available from Mitsubishi Rayon Co, Ltd.. Japan). The light-cur- 
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ing apparatus was of the structure similar to that shown in Rg. 3 and in which the distal end 2a of the optical fiber 2 
protrudes 6 mm outwardly from the distal end of the handpiece 3. The long optical fiber 2 was wound compact around 
the optical fiber reel 15 mounted atop the light source 1 of the fight-curing apparatus and only a necessary length 
thereof was drawn out of the optical fiber reel 15 during the use thereof. 
5 A first-class cavity of 4 mm in diameter and 3 mm in depth was formed on an occlusal part of a patient's molar and 
both of the bonding agent and the composite resin same as those used in Example 2 were filled in the cavity. The distal 
end 2a of the optical fiber 2 of the light-curing apparatus was subsequently inserted to a position adjacent the bottom 
of the cavity and the laser beam was irradiated for 20 seconds to cure the composite resin. After curing of the composite 
resin, the distal end 2a of the optical f iber 2 was removed out of the patient's molar, leaving a hollow column in the cured 
io composite resin. An additional amount of the same composite resin was subsequently applied in the hollow column and 
also over the top surface of the cured composite resin to form a resin overlay to render the patient's molar to represent 
a crown shape similar to the original shape. 

Thereafter, using the same light-curing apparatus, the optical fiber was positioned 3 mm above the cavity in the 
patient's molar and the laser beam was irradiated for 20 seconds to cure the composite resin which had been addition- 
is ally filled. 

After the dental restoration treatment, the distal end 2a of the optical f toer 2, which appeared to have been contam- 
inated by the patient's body fluid was cut for disposal, and the handpiece 3. the guide sheath 13 and the additional cov- 
ering 14 were sterilized in readiness for the subsequent use. 

Although the present invention has been fully described in connection with the preferred embodiments thereof with 
20 reference to the accompanying drawings which are used only for the purpose of illustration, those skilled in the art will 
readily conceive numerous changes and modifications within the framework of obviousness upon the reading of the 
specification herein presented of the present invention. Accordingly, such changes and modifications are, unless they 
depart from the scope of the present invention as delivered from the claims annexed hereto, to be construed as included 
therein. 

25 

Claims 

1. A method of polymerizing a photo-polymerizable dental composition with a light-curing apparatus including a light 
source fa emitting a laser beam and an elongated light guide means optically coupled with the light source, said 

30 light guide means having a light emitting element opposite to the light source, at least said light emitting element 
being an optical fiber, said method comprising the steps of: 

filling the photo-plymerizable dental composition in a cavity in a dental mold or a tooth; 
introducing the light emitting element of the optical fiber into the photo-polymerizable dental composition to a 
35 position adjacent a bottom of the cavity; and 

irradiating the photo-polymerizable dental composition with the laser beam of 350 to 500 nm in wavelength at 
10 to 100 mW emerging from an end portion of the light emitting element to cause the photo-polymerizable 
dental composite to initiate polymerization progressively from a portion adjacent the bottom of the cavity 
towards a surface portion thereof. 

40 

2. The method as claimed in Claim 1 , further comprising a step of cutting said light emitting element of the optical fiber 
at a position adjacent the surface of the cured photo-polymerizable dental composition to leave the optical fiber in 
the cured photo-polymerizable dental composition within the cavity. 

45 3. The method as claimed in Claim 1 , wherein said light emitting element is formed by the optical fiber having a sur- 
face having no affinity to the photo-polymerizable dental composition, and further comprising a step of removing 
the optical fiber from the cured photo-polymerizable dental composition after polymerization, a step of filing a hol- 
low column, left in the cured photo-polymerizable dental composition by removal of the optical fiber, with additional 
photo -poly merizaWe dental composition, and a step of polymerizing the additional photo-polymerizable composi- 

so tion. 

4. A dental light-curing apparatus which comprises: 

a light source for generating a laser beam of 350 to 500 nm in wavelength at 10 to 100 mW; and 
55 an elongated light guide means having a proximal end optically coupled with the light source and also having 

a light emitting element at a distal end thereof, at least said light emitting element being an optical fiber and 
adapted to be introduced into a photo-polymerizable dental composition filled in a cavity in a dental mold or a 
tooth to irradiate the photo-polymerizable dental composition at a location adjacent a bottom of the dental cav- 
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fty. 

5. The dental light-curing apparatus as claimed in Claim 4, further comprising a detachable optical coupling mecha- 
nism interposed between the light emitting element and the distal end of the light guide means to permit the light 
emitting element to be selectively coupled to and decoupled from the light guide means. 

6* The dental Gght-curing apparatus as claimed in Claim 4, further comprising a cutting mechanism for cutting the light 
guide means to separate the light emitting element from the light guide means. 

7. The dental light-curing apparatus as claimed in any one of Claims 4 to 6. wherein at least said light emitting element 
has a surface having an affinity to the photo-polymerizabJe dental composition. 

8. The dental light-curing apparatus as claimed in any one of Claims 4 to 6, wherein at least said light emitting element 
has a surface having no affinity to the photo-pofymerizable dental composition. 

9. The dental light-curing apparatus as claimed in any one of Claims 4 to 8, further comprising a contamination-pre- 
ventive covering to prevent the light guide means from being contaminated. 
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